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n fl A.TRTPLUOROSTYRENB-BA8BD AND SUBSTITUTED 
a,S;^?R™UOROS??RE N B-.BABED COMPOSITE MEMBRANE8 

^„.».fr """ to Rel^^ application 

This application is a continuation-in-part of 
U.S. Patent Application Serial No. 08/442,206 filed 
May 16, 1995, which is a continuation of U.S. 
Patent Application Serial No. 08/124,924 filed 
September 21, 1993, now U.S. Patent No. 5,422.411 
issued June 6, 1995. entitled "Trif luorostyrene and 
Substituted Trifluorostyrene Copolymeric 
Compositions and Ion-exchange Membranes Formed 
Therefrom". The '206 and '924 applications, 
incorporated herein by reference in their 
entireties, describe polymeric compositions derived 
from copolymers of a, ft, S- trif luorostyrene with a 
variety of substituted a, ft, S- trif luorostyrenes . 
These compositions are suitable for use as 
membranes, particularly as ion-exchange membranes. 
This application is also related to U.S. Patent 
Application Serial No. 08/480,098 filed June 6, 
1995, entitled -Substituted Trifluorostyrene 
Compositions". The latter application, which is 
also incorporated herein by reference in its 
entirety, describes copolymers of a.S.S-tri- 
f luorostyrene and substituted a, ft. fi-trif luorosty- 
renes, including sulfonyl fluoride substituted 
a S ft-trifluorostyrene monomeric units that are 
conveniently hydrolyzed to produce PolY™"* 
compositions with ion-exchange moieties. This 
application is further related to U.S. Patent 
Application Serial No. 08/482,948 filed June 7, 
1995, entitled "Copolymeric Compositions of 
Trifluorostyrene', Substituted Trifluorostyrene and 
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f"" 6d Ethylen *< «* ^°n-exchan g e Membranes 
Formed ^herefrom- . The latter appii cation , which 

alS ° lncor Porated herein by reference in its 
entirety, describes copolymers of a,g,S-tri- 
fluorostyrene and substituted S-trif luorosty- 

renes with substituted ethvi« n » 

„ txcucea ethylene monomeric units. 

These compositions are suitable for use as 
membranes, particularly as ion-exchange membranes. 

Field Qf TVi^ Invanhjnn 

This invention relates generally to composite 
membranes comprising a porous substrate and a 
polymeric composition comprising various 
combinations of « , S, S-trif luorostyrene , substituted 
«,S,S-trifluorostyrene and ethylene -based monomeric 
umts. Where the polymeric composition includes 
ion-exchange moieties, the resultant composite 
membranes are useful in electrochemical 
applications, particularly as membrane electrolytes 
m electrochemical fuel cells. 

Background Of lnv a r,h^ in 

Dense films can be obtained from solutions of 
Poly-or,S,B-trifluorostyrene. However, the 
brittleness of these films greatly limits their 
application. Films obtained from some sulfonated 
poly-a,S,S-trifluorostyrenes can be used as ion- 
exchange membranes. However, such films often have 
unfavorable mechanical properties when wet, and are 
known to be very brittle in the dry state (see, for 
example, Russian Chemical Reviews, Vol. 59, p . 58 3 
(1988)) . such films are of little practical use in 
fuel cells due to their poor physical properties. 
Some improvements in mechanical properties have 



been achieved by blending sulfonated poly-<*,&,S- 
trifluorostyrene with polyvinyl idene fluoride and 
triethyl phosphate plasticizer, but these films 
remained unsatisfactory for application in 
electrochemical cells (see Fuel Cell Handbook, A.J. 
Appleby, published by Van Nostrand Reinhold, p. 286 
(1989) ) . 

U.S. Patent No. 5,422,411 and the related 
patent applications mentioned above describe 
various polymeric compositions incorporating 
substituted a,S,S-trifluorostyrenes and some cases 
further incorporating substituted ethylenes. 
Typically these compositions, as membranes, possess 
favorable mechanical properties compared to poly- 
a,S,fi-trifluorostyrene and sulfonated poly-a,S,S- 
trifluorostyrene, although some of the membranes 
have a tendency to become brittle in the fully 
dehydrated state, depending, for example, on the 
equivalent weight. This effect is most apparent at 
equivalent weights below approximately 380 g/mol . 
ion-exchange membranes derived from these polymeric 
compositions are suitable for many applications, 
including use in electrochemical applications, such 

as fuel cells. 

For ease of handling, for example, in the 
preparation of membrane electrode assemblies for 
use in electrochemical fuel cells, the mechanical 
strength of the membrane in the dry state is 
important. In electrochemical applications, such 
as electrolytic cells and fuel cells, the 
dimensional stability (changes in the dimensions of 
the membrane due to changes in the degree of 
hydration) of the membrane during operation is also 
important. However, to improve performance, it is 
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generally desirable to reduce membrane chickness 
and to decrease the equivalent weight (thereby 
increasing the water content) of the membrane 
electrolyte, both of which tend to decrease both 
the mechanical strength in the dry state and the 
dimensional stability i„ the wet state. One way to 
improve mechanical strength and dimensional 
stability in ionomeric membranes is through use of 
a substrate or support material, to give a 
composite membrane. The substrate is selected so 
that lt .mparts mechanical strength and dimensional 
stability to the membrane. The substrate material 
can be combined with the membrane polymeric 
material to form a composite membrane in a variety 
of ways. For example, if possible, an unsupported 
membrane can be preformed and then laminated to the 
porous substrate. Alternatively, a solution of the 
polymer can be impregnated into the porous 
substrate material, and the composite membrane 
subsequently dried. The formation of composite 
membranes via impregnation provides a more intimate 
contact between the two components, thus giving 
advantages over standard lamination approaches 

Composite ion-exchange membranes prepared by 
impregnating commercially available porous 
polytetrafluoroethylene film (Gore-tex*) with 
Nafion*, a perf luorosulf onate ionomer, have been 
described in Journal of the Electrochemical 
Society, Vol. 13 2/ p p . 514 . 51S (1985) Themajor 
goal ln the study was to develop a composite 
membrane with the desirable chemical and mechanical 
features of Nafion*, but which could be produced at 
low cost. Indeed, based on the polymer loadings 
necessary to produce these composite membranes 
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they are a low cost alternative to the costly 
perfluorosulfonic acid membranes. As indicated 
above, however, these perf luorosulf onate ionomers 
are known to form membranes suitable for use in 
electrochemical applications without the use of a 
substrate . 

It has been discovered that polymers which 
have a tendency to become brittle in the dehydrated 
state can be rendered mechanically stable, even in 
the fully dehydrated state, by impregnation into 

suitable substrates. 

Furthermore, it has been discovered that even 
polymers which are poor film formers, or polymers 
which form films with mechanical properties and 
dimensional stability which would preclude their 
use in electrochemical and other applications, can 
be made into composite membranes through 
incorporation into a suitable substrate. The 
resulting composite membranes have the desired 
physical properties for use in a wide range of 
applications . 

lary Of yh« Invantlon 

in one aspect of the present invention, a 
composite membrane comprises a porous substrate 
impregnated with a polymeric composition comprising 
a, 6, S- trifluorostyrene monomeric units. 

In another aspect, a composite membrane 
comprises a porous substrate impregnated with a 
polymeric composition comprising substituted 
trifluorostyrene monomeric units. Substituted 
a S,B- trifluorostyrene monomeric units have at 
least one non-hydrogen substituent on the aromatic 
ring. In a preferred embodiment, the polymeric 



WO 97/25369 

PCT/CA97/00003 



10 



15 



20 



25 



30 



- 6 - 



composition comprises at least two different 
substituted a ft ft a *"erent 

In trifluorost yrene monomeric units 

In a first embodiment of a com «««^ 

com-,-..- = , OI " composite membrane 

comprising a porous substrate impregnated with a 
polymeric composition comprising «, fi fi _ 
trifluorostyrene monomeric units, the polymeric 
position further comprises ethylene^ c 
units, the polymeric composition derived from a 
copolymeri.ation reaction involving at least 
ethylene and a,£,S-trifluorostyrene. 

In a second embodiment of a comnos,^ « ^ 
comnriain« „ composite membrane 

comprising a porous snhcf >-= r- 

. F substrate impregnated with a 

polymeric composition comprising *,ft S- 
tnfluorostyrene monomeric units, the polymeric 

I^tLT*^ comprises partially f - ::: - 

derived f UnitS ' ^ POl >™~" composition 

a least H I —ion involving 

xeast a»S,6-trifluorostvren#» *~ 
rw „„„ yrene a nd, for example, 

CHF«CHF, CF 2 «CH„ or CF^CHF. 

co^, 111 - 3 third emb ° diment of « composite membrane 
comprising a porous substrate impregnated with a 
polymeric composition comprising a ,& fi . 
trifluorostyrene monomeric units, the polymeric 
composition further comprises tetraf luoroethylene 
monomeric units, the polymeric composition derived 

t^L^ C0P ° lymeri2ati0n reaCti ° n Evolving at least 
tetraf luoroethylene and «, ft, ft. trifluorostyrene 

comori 1 !- 3 f ° Urth emb ° diment ° f * composite membrane 
comprising a porous substrate impregnated with a 
polymeric composition comprising <*,£ fi- 
trifluorostyrene monomeric units, the polymeric 
composition further comprises: 
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■f CF 2 — CF -) 



I m 

Y 



■ where m is an inceger greater than zero; Y is 
selected from the group consisting of chlorine, 
bromine, iodine, C^F, (where x is an integer 
5 greater than zero and y + z = 2x*l) , 0-R (where R is 

selected from the group consisting of C«HyF x (where x 
is an integer greater than zero and y+z = 2x+l) and 
aryls), CF=CF 3 , CN, COOH and CO s R x (where R l is 
selected from the group consisting of 
10 perfluoroalkyls, aryls, and NR'R' where R* and R> are 
selected from the group consisting of hydrogen, 

alkyls and aryls) . 

In a fifth embodiment of a composite membrane 
comprising a porous substrate impregnated with a 

IS polymeric composition comprising a,&,&- 

trifluorostyrene monomeric "units, the polymeric 
composition further comprises styrene monomeric 
units, the polymeric composition derived from a 
copolymerization reaction involving at least 

20 styrene and a, fi, fi-trif luorostyrene . 

In a sixth embodiment of a composite membrane 
comprising a porous substrate impregnated with a 
polymeric composition comprising a,£,S- 
trif luorostyrene monomeric units, the polymeric 

25 composition further comprises substituted styrene 
monomeric units, the polymeric composition derived 
from a copolymerization reaction involving at least 
a substituted styrene and a, S, S-trif luorostyrene . 
Substituted styrene monomeric units have at least 
30 one non-hydrogen substituent on the aromatic ring. 



WO 97/25369 



- 8 - 



PCT/CA97/00003 
* 



In a first embodiment- . 
comprising . porous s 2T°l COmp ° si " — b»n. 
polymeric composition ""Pregnated with . 

"ifluorostvrele" „ C ° mPrlSi " 9 «*-ti t u t .d ...... 

totyrene monomeric unite , 
composition comprises- Polymeric 



CF 2 — CF— } 



m 




where m is an integer greater than zero In a 

further embodiment the noi^^ 

comprises: Polymerxc composition 




ll": o m ne S T ^ — at 

ero s r: a : d : and q is an — er th an 

o A„ A, and Aj are selected from the groan 
consisting of hydrogen, halogens, c^F, ( ££ x ifi 

cp-cp ™ greater than 2ero and = 2 -xI 

CF-CF 2/ CN, NO, and OH, O-R (where R i« „ i 

f rn _ iwnere R is selected 

from the group consisting of alkyls and 

sediment, th. group £rom „ hicn A „ ind ™" 
selected further consists of SO.H. PC H Po H 

elected from the group consisting of alkyls. 
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perfluoroalkyls and aryls) and CH.HR/ (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one of k x . 
A 2 and A, is selected from the group consisting of 
S0,H, P0 2 H 2 , PO,H a . CH 2 P0 3 H 2 , COOH, 0S0 3 H, OP0 2 H 2 , 
OP0 3 H 2 , NR 3 * (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH 2 NR/ (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) . 

In a second embodiment of a composite membrane 
comprising a porous substrate impregnated with a 
polymeric composition comprising substituted or.S.S- 
trifluorostyrene monomeric units, the polymeric 
composition comprises : 




-CF -3 (r CFj-CF -h- (• CFi— 





where at least one of n, p and q is an integer 
greater than zero; A w A 2 and A, are selected from 
the group consisting of CF«CF„ Of. N0 2 and OH, 0-R 
(where R is selected from the group consisting of 
C^,F, (where x is an integer greater than three and 

y+z = 2x+l) , and aryls) . 

In a third embodiment of a composite membrane 
comprising a porous substrate impregnated with a 
polymeric composition comprising substituted a.B.fc- 
25 trifluorostyrene monomeric units, the polymeric 
composition comprises : 
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CF 2 — CF-) 




where m is an integer greater than zero 
In a fourth embodiment- r>e = 

comprising a porous sub"~ t ! COm P° sit * membrane 
nolvmo^- substrate impregnated with a 

Polymers composition comprising substituted a & & 
tnfluorostyrene monomeric units th* 
composition comprises: Polymeric 



CF 2 -CF 




where m is an integer greater i-h a „ 

j^r: °rf opo ' h " oro ^ 

aryi, NR, (where R i s selected fmn -v, 

consisting of alkvls , * grOUp 

a axicyis, perfluoroalkyls and arvioi 

and CH S NR,* (where R is selected *Z „k 
5 „„„„ ■ . «»ej.eccea from the grouD 

•■ =on sl s ti „ 3 of . lkyi .. perfluoroal)cyls „/ a ^ 

polype coition co ^ rising substituted 

co^o UO !°" yrene — «1« "nit.. the pol^; 
^umoos i . ion comprises : 
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where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater than 
zero; X is selected from the group consisting of 
S0 3 H,' PO a H a , PO,H a , CH 2 PO,H a , COOH, OSO,H . OP0 a H a , 
5 OPO,H a , OArSO,H where Ar is an aryl , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) and CHjNR 3 ' (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls); A t , A a and A, are 
10 selected from the group consisting of halogens, 

C^F, (where x is an integer greater than zero and 
y + z = 2x + l), CF=CF a , CM, NO, and OH, 0-R (where R is 
selected from the group consisting of alkyls and 
perfluoroalkyls and aryls) . In a further 
15 embodiment, the group from which A 3 , A 2 and A, are 
selected further consists of hydrogen. In a still 
further embodiment, the group from which A,, A, and 
A 3 are selected further consists of S0 3 H, PO,H,, 
PO,H,, CH a P0 3 H a , COOH, OS0 3 H, OPO,H,, OPO,H,, MR,* 
(where R is selected from the group consisting of 
alkyls, perfluoroalkyls and aryls) and CH a NR/ (where 
R is selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one of A>, 
A, and A, is selected from the group consisting of 
25 SO,H, PO a H a , PO,H a , CH,P0 5 H a , COOH, OSO,H, OPO,H a , 
OP0 3 H a . NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH a NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls). 

in a sixth embodiment of a composite membrane 
comprising a porous substrate impregnated with a 



20 



30 
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polymeric composition comprising substituted a & & 
tnfluorostyrene monomeric units, the polymeric 
composition comprises : 



CF,— CF 



10 



IS 



20 




where m is an integer greater than zero; B and D 
are selected from the group consisting of hydrogen 
SO a F, S0,H, PO a H a , PO,H„ CH a P0,H Jf COOH, OSO,H, OPO a H ' 
OPO,H a , NRj* (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
and CH a NRj* (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls). 
In a further embodiment, the polymeric composition 
comprises : 




where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater than 
zero; B and D are selected from the group 
consisting of hydrogen, SO a F. SO,H, PO a H a , PO,H a , 
CH a PO,H a , COOH, OSO,H, OPO a H a , OPO,H a , NR a * (where R i, 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH a NR,* (where R is 
selected from the group consisting of alkyls. 



perfluoroalkyls and aryls) ; A l( A, and A, are 
selected from the group consisting of- hydrogen, 

^ i r h f (where x is an integer greater 

SO,F, halogens, c x Hyr x i wne " 

-> VJ .i s rP=CF CN. NO, and OH, 
than zero and y+z = 2x+l) , CF«ct,, uw, j 

0-R (where R is selected from the group consisting 
of alkyls and perfluoroalkyls and aryls) . In a 
still further embodiment, the group from which A,, 
A and A, are selected further consists of SO,H, 
PO,H„ P0 3 H„ CH.PO.H,. COOH, OSO,H, OPO,H„ OPO,H 2 , NR/ 
(where R is selected from the group consisting of 
alkyls, perf luoroalkyls and aryls) and CH,NR,* (where 
r is selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one of A w 
A and A, is selected from the group consisting of 
S0,H, PO,H 2 , P0,H 2 , CHjPOjHj , COOH, OSO,H, OPO,H a , 

OPO,H„ NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH a NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls). 
In preferred embodiments B is hydrogen. 

in a seventh embodiment of a composite 
membrane comprising a porous substrate impregnated 
with a polymeric composition comprising substituted 
a s,fi-trifluorostyrene monomeric units, the 
polymeric composition further comprises ethylene 

monomeric units . 

in an eighth embodiment of a composite 
membrane comprising a porous substrate impregnated 
with a polymeric composition comprising substituted 
a B fi-trifluorostyrene monomeric units, the 
polymeric composition further comprises partially 
fluorinated ethylene monomeric units, the polymeric 
composition derived from a copolymerization 
reaction involving, for example, CH,=CHF, CHF=CHF , 
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tnfluorostyrene monomeric units th . , 
' composition further comnri Polymeric 

monomeric units C ° mprises t«tr«£ luoroethylene 

In a tenth embodiment- = 
comprising a porous suTsMte 

polymeric composition comnri!- * ^ With 3 
trifluoro a , * - l l _° n _ COm ^ 1S ^ substituted ...... 



uuroscyrene monomeric units eh. „ , 
composition further comprise" 



f CF 2 — CF -) 



I m 
Y 



where m is an integer greater than zero- y is 

selected fm™ -w ' R (whe *e R is 

exected from the group consisting of CJLF , uh 
is an integer greater than , ^ ' (where x 

selected from the group consisting of alfcyls 

al.yiri:^.^ C ° nSiSti - - 

m^.. 1 " " CleVenth e «*odiment of a composite 
membrane comprising a porous substrate Impregnated 

riVtSr ric compositi - sLtitu ted 

«,fi,fi-trxfluorostyrene monomeric units, the 
polymeric composition further comprises styrene 



monomeric units. 

In a twelfth embodiment of a composite 
membrane comprising a porous substrate impregnated 
with a polymeric composition comprising substituted 
a, £, fi-trif luorostyrene monomeric units, the 
polymeric composition further comprises substituted 
styrene monomeric units. Substituted styrene 
monomeric units have at least one non-hydrogen 
substituent on the aromatic ring. 

In the aspects and embodiments described 
above, the substrate is preferably a porous film or 
sheet material. For electrochemical applications, 
for example, preferred porous substrates comprise, 
or consist essentially of, porous polyolefins. 
Preferred polyolefins are polyethylene and 
polypropylene. Particularly preferred substrates 
comprise, or consist essentially of, porous 
polytetrafluoroethylene, also Jcnown as expanded 

polytetraf luoroethylene . 

In a preferred aspect, a composite membrane 
comprises a porous substrate impregnated with a 
polymeric composition comprising: 




where m and n are integers greater than zero and A, 
is selected from the group consisting of fluorine, 
CF, and para-phenoxy. In a further embodiment of 
this preferred aspect, the group from which A x is 
selected further consists of hydrogen. 
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In another preferred aspect, a composite 
membrane comprises a porous substrate impregnated 
with a polymeric composition comprising: 



CFz-CF 




CF 2 — CF 




10 



where m, n, and p are integers greater than zero 
and A t and A, are selected from the group consisting 
of hydrogen, fluorine, CFi, and para-phenoxy . 

In another preferred aspect, a composite 
membrane comprises a porous substrate impregnated 
with a polymeric composition comprising: 



CF 2 — CF — ) 




m 



4-CH,- 




15 



where m and n are integers greater than zero and X 
is selected from the group consisting of para-S0 2 F, 
meta-SO,H and para-SO,H. 2 
In yet another preferred aspect, a composite 
membrane comprises a porous substrate im 
with a polymeric composition comprising: 
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where m and q are integers greater than zero, n and 
p are zero or an integer greater than zero; X is 
selected from the group consisting of para-SO,F, 
meta-S0 5 H and para-S0 5 H; and A, and A, are selected 
5 from the group consisting of hydrogen, fluorine, 

CF,, and para-phenoxy . In a further embodiment of 
this preferred aspect, n is an integer greater than 

zero. 

In still another preferred aspect, a composite 
10 membrane comprises a porous substrate impregnated 
with a polymeric composition comprising: 




-CF -) (- CFj— CF -) (- OS— CF -h- (• CFj— CHr* 





where m and q are integers greater than zero, n and 
p are zero or an integer greater than zero; X is 
selected from the group consisting of para-SO,F, 
meta-SO,H and para-SO,H; and A, and A, are selected 
from the group consisting of hydrogen, fluorine, 
CF,, and para-phenoxy. In a further embodiment of 
this preferred aspect, n is an integer greater than 



20 

In the aspects and embodiments described 
above, the polymeric compositions can consist 
essentially of the described monomeric units. 

In all of the above preferred aspects, 
25 preferably the porous substrate comprises 

polytetraf luoroethylene . A preferred porous 
substrate consists essentially of 
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Polytecraf luoroechylene . 



above ^the 6 /^; 0 ': *** described 

elabo. h y k Z V 3 further 

raced by known means such as, for e y amnl w 
hydr l ysis Qf fche cn ^ f ^ for ^example, by 

reduction with common reducing agents (s^h 
example, Raney nickel) to * n a 9 e *ts (such as. for 

thereby -ansformLg he A 7 3 ft"** ^ 
into ion-exchana. 7 ' * Aj subs tituents 

Change moieties. The resulting 



Polymeric composition may thus ™ ^ 
tvpe of ion-exchange moiety and f ° r m ° r * 

- t h cation and anLn e^t^ " ™" 
The 



s= '"uiecies. 

The term "monomeric unit" as used herein 

^■^r^ .position c r :;: ains 



the describe *^ — contains 

a polymerizat/ ^ Unit ' and iS Gained by 

polymerization reaction involving the 

corresponding unsaturated monomer 
Posxtxons. as indicate in Che £ormul J „ here . 

:::r . d enbodim _, stsl~ - r the 

meta or para positions. e 



As used Herein th#> 

" LX1 ' cne term "arvl" t^«f«»*-~ 

substituted or unsubstituted Dh J 3 
formula cjip SC1Cuted Phenyl group. The 

ia C ^ F - '"here x is an integer or«ep, *u 
zero and y + z - i^-> , • 9W greater than 

a y+z - 2x+l) is used to indicate alkv! 
perfluoroalkyl or partial^ *i • alk yl< 
groups. Partially fluormated alkyl 

In accordance with convention in the a n 
above chemical formulas for ™i ' the 

containing more tnT ! P^eric compositions 

ng more than two monomeric units (where at 



WO 97/25369 



PCT/CA97/00003 

* 



- 19 - 



lease three of m, n. p and q are greater than zero) 
are intended to indicate that the monomeric units 
are present in the polymeric composition, but are 
not limited to the particular order in which the 
5 monomeric units are set forth in each general 

formula. For example, random linear copolymers, 
alternating copolymers and linear block copolymers, 
formed from the indicated monomeric units, are 
contemplated. 

0 Brief De«flrlPtio n Of The Drawings 

FIG. 1 is a plot of cell voltage as a function 
of current density (expressed in amperes per square 
foot or "ASF" ) in an electrochemical fuel cell 
employing a composite membrane of • porous 

.5 polyethylene impregnated with a sulfonated 
copolymer of a, S, S-trif luorostyrene and m- 
trifluoromethyl-a,S,S-trifluorostyrene, as the 

proton exchange membrane. 

FIG. 2 is a plot of cell voltage as a function 
20 of current density in an electrochemical fuel cell 
employing a composite membrane, prepared by 
impregnation of porous polyethylene with sulfonated 
poly-a,S, S-trif luorostyrene, as the proton exchange 
membrane . 

25 pig , 3 is a plot of cell voltage as a function 

of current density in an electrochemical fuel cell 
employing a composite membrane, prepared by 
impregnation of porous polyethylene with a 
copolymer of o, S, S-trif luorostyrene, 

30 m-trifluoromethyl-a,S, S-trif luorostyrene and 

p-sulfonyl fluoride-a,S, S-trif luorostyrene, and 
subsequent hydrolysis, as the proton exchange 
membrane . 
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FIG. 4 is a plot of cell voltage as a f un ^ ■ 
of current density in a „ ol . function 

• electrochemical fuel cell 

employing a composite membrane of expanded 

polytetrafluoroetnvlene impregnated with a 

sulfonated copolymer of «, S, S- trif luorostyrene and 
m-trifluoromethyl-tf is «. fr ; fl , y e an<3 

y a/ is, is- traf luorostvrene a« t-v,^ 
proton exchange membrane. 

of current " ^ °* ^ V ° lta96 *» a fu -«ion 
of current density in an electrochemical fuel cell 

employing a composite membrane of expanded 

Polytetrafluoroethylene impregnated with a low 
eguiv alent weighfc sulfonated ^ 

trifl uorostyrene and m-trifluoromethyl-*, fi , fi _ tri _ 
fluorostyrene, as the proton exchange membrane 




Detail ed n««. 7 

Methods for preparing the polymeric 
compositions described herein are described in the 

21":: rr::r or - ~- - 

The preferred substrate material is dependent 
on the appi Ration in which the composite me'mbrln 
t0 bS USed " The ^strate material preferably 
has good mechanical properties, is chemically and 
thermally stable in the environment in which the 
composite membrane is to be used, is tolerant of 
the solvent used for impregnation, and in most 
applications is preferably flexible. For example 
the porous substrate can be a woven or nonwoven ' 
fabric or cloth, or can be made of paper fiber 
glass, celluiosics or a ceramic material' 
Preferred substrates for electrochemical 
applications are porous polymeric materials 
Preferred polymeric materials are, for example 
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hydrocarbons such as porous polyolefins, especially 
polyethylene and polypropylene. In some 
applications, a perf luorinated polymeric substrate 
may be preferred, for example, a preferred 
substrate material, when the composite membrane is 
to be used in an electrochemical fuel cell, is 
porous polytetrafluoroethylene, also known as 
expanded polytetrafluoroethylene. Porous 
polyolefins and polytetraf luoroethylenes typically 
have excellent mechanical strength, flexibility and 
do not swell in water. Polytetrafluoroethylene 
offers additional advantages in that it is also 
chemically inert, and porous 

polytetrafluoroethylene films with different 
characteristics are commercially available from 
various sources. It may be possible to obtain or 
prepare other suitable porous polymeric substrates 
from, such as, for example, polyvinyl idene fluoride 
or polysulfones. Copolymeric substrates such as, 
for example, poly (ethylene-co-tetraf luoroethylene) 
and poly(tetrafluoroethylene-co- 
hexafluoropropylene) , may also be used. 

The degree of porosity, pore size and 
thickness of the substrate used in the composite 
membrane can be selected to suit the application. 
For use of the composite membrane as an electrolyte 
in an electrochemical fuel cell, the substrate 
thickness is preferably 10-200 pm, and more 
preferably 25-50 M m, the preferable average pore 
diameter is 0.1-1.0 M m » and the preferable porosity 
is 50-98%, more preferably 75-90%. 

Depending on the application the resultant 
composite membrane may be gas permeable or gas 
impermeable. The loading of the polymeric 
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composition on the substrate can be varied in order 
to control the porositv of th» , 
m t. H suy ot the resultant comDosit* 

membrane. For fuel cell applications, the mP ° Slte 

composite membrane is preferably substantially gas 

i:::z: • thus the degree ° f 

JIT, 18 SUCh POT ° Sit y of composite 

membrane ls reduced essentially to zero 

In a method for preparing composite membranes 
the polymeric composition is dissolved in a 
• solvent, typically an organic solvent, to form a 
solution. The solvent used will depend, for 
example, on both the nature of the polymeric 
composition and the substrate. For impregnation of 
Porous polyolefins with the type of polymeric 
compositions described herein, suitable solvents 
include N,N-dimethylformamide, N-methylp yrrolidone 
dxmethylsulf oxide and N, N-dimethylacetamide . When' 
polytetrafluoroethylene is the substrate, an 
alcohol or mixture of alcohols (chosen, for 
example, from methanol, ethanol and propan-2-ol) is 
often the preferred solvent. The concentration of 
the solution will depend on the loading desired, 
and whether the composite membrane is to be porous 
or not. For example, if the composite membrane is 
to be gas permeable a lower concentration is 
generally preferred. 

The porous substrate is then impregnated, for 
example, by constraining the substrate in a frame 
and dipping or soaking it in the solution. The 
contact time is dependent on the viscosity and 

percentage solids of the solution. Other 

techniques known in the art, such as 

ultrasonication, may be used to facilitate 

impregnation. Also, multiple impregnations, 
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possibly with different polymeric compositions, may 
be desirable for some applications. The substrate 
is then removed from the solution and the composite 
membrane dried preferably in a humidity controlled 
atmosphere (generally at less than or equal to 2% 
relative humidity) at above ambient temperatures. 

If the composite membrane includes proton - 
exchange moieties and is to be used in, for 
example, a proton -exchange membrane fuel cell, it 
is removed from the frame, treated with 1 M 
hydrochloric acid and washed with deionized water 

prior to use. 

The means by which the process described above 
could be modified for impregnation of non-membrane 
substrates, and also for a continuous composite 
membrane manufacturing process will be apparent to 

those skilled in the art. 

in the preparation of composite ion-exchange 
membranes, the ion-exchange moieties can be: 

(i) present in the polymeric composition prior 
to its impregnation into the substrate; or 

(ii) introduced post- impregnation through 
further reaction of the polymeric composition on 

the substrate; or 

(iii) introduced via conversion of precursor 
groups, present in the polymeric composition, after 




ion. 

If the ion-exchange moieties are to be 
introduced via a post -impregnation conversion or 
reaction, the substrate needs to selected such that 
it can withstand the post -impregnation treatment 
step. For example, in post -impregnation 
introduction of ion-exchange moieties, the ion- 
exchange moieties may be introduced into polymeric 
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compositions containing unsubstituted «.« f8 -tri- 

arZr'^K 6 ,JnitS (S ° CallSd " baSe PolV-r.-) vi 
aromatic substitution of at least a portion of 

those units, after preparation of a composite 
membrane. For example, pendant unsubstituted 
Phenyl rings in the composite membrane can be 
conveniently sulfonated (see U.S. Patent 5 , 422 
to produce a composite cation-exchange membrane. 

may be r oh 0 T P^nyl rings 

may be phosphorylated, carboxylated, quaternary- 
amxnoalkylated or chloromethylated, and furtheT 
modified to include -CH,P0 3 H 2 , -CHjNR,* wh ere R is an 
alkyl, or - CH 2 NAr 3 * (where Ar is a substituted or 
unsubstituted phenyl group) and other substituents 
to provide cation-exchange or anion- exchange 
composite membranes. Further still, the pendent 
Phenyl moiety may contain a hydroxyl group which 
can be elaborated by known methods to generate - 
OS0 lH , -OPO,H, and -0P0,H, cat ion -exchange sites on 
tne composite membrane. 

The approach in which the ion-exchange 
functionality is introduced post -impregnation via 
conversion of a precursor using simple post- 
impregnation procedure, such as hydrolysis, can be 
advantageous. For example, composite membranes 
comprising polymers containing sulfonyl fluoride 
moieties (- SOl F> can be hydrolyzed to generate -so,H 
cation-exchange sites. m a typical hydrolysis 
reaction, the sulfonyl fluoride is converted to the 
free sulfonic acid functionality by treatment of 
the composite membrane with concentrated aqueous 
alkali metal hydroxide at elevated temperatures 
This and other procedures for the hydrolysis of - 
S0,F to -SO,H are well-known to those skilled in the 



art. The latter approach to the introduction of - 
SO,H moieties offers advantages over suifonation of 
a base polymer in the composite membrane. For 
example, it permits greater control over the ion- 
exchange capacity of the resultant composite 
membrane . 

Membranes including sulfonyl fluoride 
substituted a. £, S-trif luorostyrene monomeric units 
are described in a related application. 
Unsupported membranes containing a significant 
proportion of sulfonyl fluoride substituted or, S-- 
trif luorostyrene monomeric units can be very 
fragile. The mechanical properties of these 
precurso'r ion- exchange membranes can be 
significantly enhanced through incorporation into a 

porous substrate. 

It may be advantageous to introduce ion- 
exchange moieties after preparation of the 
composite membranes, as described in (ii) and (iii) 
above. For example, in electrochemical 
applications where the preferred substrates are 
typically hydrophobic, the preparation of a 
composite membrane by first impregnating the 
substrate with a solution of a non- ionic polymer 
which is also essentially hydrophobic may lead to 
more facile and improved impregnation. 

The following examples are for purposes of 
illustration and are not intended to limit the 
invention. Examples 1-3 describe the preparation 
of composite ion-exchange membranes in which 
porous, high density polyethylene is used as the 
substrate. Examples 4 and 5 describe the 
preparation of composite ion-exchange membranes in 
which expanded polytetraf luoroethylene is used as 
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the porous substrate. i„ Examples 2 

the .on-exchange .oieties were present in the 

into the substrate. m Example , the ion . exc 

— generated by hydroiysis o £ sulfonyi 
fluor.de moieties after preparation of the 
composite membrane. Example 6 sets forth the 
procedure used to test the composite ion-exchange 
membranes, prepared as described in Bxampies x-s 
as membrane eiectrolytes in an ei.ctrochemicai fuel 
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Porous polyethylene impregnated with a sulfonated 
copolymer of «,S,fi-tr±f luoroetyrene and m- 
tri f luoromethyl fi, fi- tri f luoroe tyrene 

(Composite Membrane A) 

The substrate, a 9 inch x 9 inch piece of high 

«4 3 ^L P ° lyethylene ( ° btained *«■ 3M, product ID 
#43-9100-6770-1. 61% porosity, approximately 50 
macron) was clamped in a frame and immersed in a 
N,N-dimethylformamide solution (7* w/w) of a 
sulfonated copolymer of a, S, fi- trif luorostyrene and 

m-trifluoromethyl-a, fir s-trifluorostyrene 
(equivalent weight 384 g/mol) in a glass container . 

The container was covered to exclude moisture and 
particulate contaminants. After 1 hour excess 
polymer solution was removed and the transparent 
wetted substrate was placed to dry in a chamber at 
approximately 2% relative humidity, at 50 *C. After 
approximately 3 hours the dry composite membrane, 
now opaque, was a mechanically strong flexible 
film. on immersion in 1 M hydrochloric acid (to 
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ensure protonation of all the sulfonic acid 
moieties), and subsequent washing with deionized 
water, the composite membrane once again became 
transparent. The wet composite membrane (50-60 
micron thick) was also strong and flexible. 

Porous polyethylene impregnated with 
eulf onated poly-a , S, &- trif luoroe tyrene 

(Composite Membrane B) 

The substrate, a 10 inch x 10 inch piece of 
high density polyethylene (from 3M, product ID #4 3- 
9100-6770-1, 81% porosity, 50 micron) was clamped 
in a frame and immersed in a N, N-dimethylf ormamide 
solution (7% w/w) of a sulfonated polymer of a,S,S- 
trifluorostyrene (equivalent weight 430 g/mol) in a 
glass container. The container was covered to 
exclude moisture and particulate contaminants. 
After 2 hours excess polymer solution was removed 
and the transparent, wetted substrate was placed to 
dry in a chamber at approximately 2V relative 
humidity, at 50«C. After approximately 3 hours the 
dry composite membrane, now opaque, was a 
mechanically strong flexible film, in contrast to 
the analogous unsupported membrane which would be 
extremely fragile in the dry state. On immersion 
in l M hydrochloric acid (to ensure protonation of 
all the sulfonic acid moieties) , and subsequent 
washing with deionized water, the composite 
membrane once again became transparent. The wet 
composite membrane (approximately 100 micron thxck) 
was also strong and flexible. 
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Porous polyethylene impregnated with a 



Example i 

copolymer of 




a- trif luoromethyl - a , 8 , fi - tr i fluoros 
P-eulfonyl fluoride.or,S # 8.trifluoros 

subsequent hydrolysis 
(Composite Membrane C) 

hioh SUbStra "' a 10 *«* - 10 inch piece of 

high density polyethylene (from JM , prod 

« 00 i 7 :^'- 81% r oaity - ~u « "« 

»as clamped ln a £ ra me and immersed in a 

ol a -fi.n-tnfluorostyrene. m-trittuoromechyl-aHU- 
tnfluorostyrene and p-sulfonyl flucride-a f... trt- 
fluorostyrene (equivalent weight 480 g/mol after 
hydrops, in a gl aaa container. The container 
was cov.r.d to exclude mois£ure ^ parc . 

contaminants . After 2 hour, excess polymer 
solution was removed and the transparent, watted 
substrate was placed to dry in a chamber at 

approximately 2% relative „„„^., 

y * relative humidity, at 50°C. After 

approximately 3 hours th*» rt„, ~~ 

UrS Cne dr V composite membrane 
was a mechanically strong flexible film. The 
sulfonyl fluoride moieties were hydroly 2 ed by 

hylro^de ° f i the COmP ° Site -ith potassium 

hydroxide solution (approximately 6% w/w, in s . x 

w/w water :l-methoxy-2-propanol, at 6 0 o C (see u's 
Patent No. 5,310,765). The composite membrane'was 
then immersed in 1 „ hydrochloric acid to ensure 
protection of all the sulfonic acid moieties in 
the composite membrane, and subsequently washed 
with deionized water. The wet, hydrolyzed 
composite membrane (50-70 micron thick) was also 
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strong and flexible. 

Example 4 

Expanded polytetraf luoroethylene impregnated with a 
sulfonated copolymer of a,S,S- trif luorostyrene and 
5 m- trif ludromethyl -or , fc, S- trif luoroo tyrene 

(Composite Membrane D) 

The substrate, an 8 inch x 8 inch piece of 
expanded polytetraf luoroethylene (Tetratex® 
obtained from Tetratec Corporation, 80-90% 

10 porosity, approximately 38 micron, 0.45 micron pore 
size) was clamped in a frame and immersed in a 
methanol/propan-2-ol (3:1) solution (approximately 
5%w/v) of a sulfonated copolymer* of a,S,£-tri- 
f luorostyrene and m-trif luoromethyl-a, G, £-tri- 

15 f luorostyrene (equivalent weight 412 g/mol) in a 
glass container. The container was covered to 
exclude moisture and particulate contaminants. 
After 18 hours excess polymer solution was removed 
and the transparent, wetted substrate was placed to 

20 dry in a chamber at approximately 2% relative 

humidity, at 50°C. After approximately 1.5 hours 
the dry composite membrane, now opaque, was a 
mechanically strong flexible film. On immersion in 
1 M hydrochloric acid (to ensure protonation of all 

25 the sulfonic acid moieties) , and subsequent washing 
with deionized water, the composite membrane once 
again became transparent. The wet composite 
membrane (50-60 micron thick) was also strong and 
flexible • 
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Ex amp 1 

Expanded polyte traf luoroethylaae impregnated with a 
sulfonated copolymer of *,S,S-trifluorostyrene and 

m-trifluoromethyl- a# g,fi, t rifluoroetyrene 

(Composite Membrane E) 

The composite membrane was prepared as 
described in Example 4, using a sulfonated 
copolymer of a , £, S- trif luorostyrene and m- 
trifluoromethyl-a,S,fi-trifluorostyrene with a lower 
equivalent weight (3 62 g/mol) and impregnating the 
substrate for 30 minutes. The resulting dry 
composite membrane was a mechanically strong 
flexible film, in contrast to the analogous 
unsupported membrane which, at this low equivalent 
weight, is extremely fragile and readily reduced to 
a powder on handling. The wet composite membrane 
(25-40 micron thick) was also strong and flexible, 
again in contrast to the unsupported membrane which 
is fragile and dimensionally unstable, and is 
20 therefore of limited use in electrochemical fuel 
cells . 



15 
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Each of the composite membranes prepared as 
described above was bonded to two catalyzed carbon 

25 fiber paper electrodes at room temperature under 

7,500 pounds of pressure. Each membrane electrode 
assembly was tested in a Ballard Mark IV single 
cell fuel cell (see U.S. Patent Nos. 4,988,583; 
5,108,849; 5,170,124; 5,176,966 and 5,200,278; all 

3 0 incorporated herein by reference in their 
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entirety) . The following operating conditions 
applied to the fuel cell in which the membranes 
were tested: 

Temperature: 70°C 
5 Reactant inlet pressure: 

24 psi for both air and hydrogen 
Reactant stoichiometries : 

2.0 air and 1.15 hydrogen. 
The membrane electrode assemblies 
10 incorporating the composite membranes were tested 
for 200-1400 hours, depending on availability of 
testing equipment. 

FIGS. 1-5 are polarization plots of voltage as 
a function of current density for composite 
15 membranes A-E , respectively, employed in membrane 
electrode assemblies in the electrochemical fuel 
cell. The data is comparable to data reported for 
unsupported membranes in related U.S. Patent No. 
5, 422 , 411 . 

20 While particular elements, embodiments and 

applications of the present invention have been 
shown and described, it will be understood, of 
course, that the invention is not limited thereto 
since modifications may be made by those skilled in 

25 the art, particularly in light of the foregoing 
teachings. It is therefore contemplated by the 
appended claims to cover such modifications as 
incorporate those features which come within the 
spirit and scope of the invention. 
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What is claimed is: 

1- A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising a, S, fi- trif luorostyrene monomeric units. 

2. The composite membrane of claim l wherein 
said polymeric composition further comprises 
ethylene monomeric units. 

3. The composite membrane of claim l wherein 
said polymeric composition further comprises 
partially fluorinated ethylene monomeric units. 

4. The composite membrane of claim l wherein 
said polymeric composition further comprises 
tetraf luoroethylene monomeric units. 

5. The composite membrane of claim 1 wherein 
said polymeric composition further comprises: 



4- CF 2 -CF 

I m 
Y 



where m is an integer greater than zero; Y is 
selected from the group consisting of chlorine, 
bromine, iodine, C^F, (where x is an integer 
greater than zero and y+z = 2x+l) , O-R (where R is 
selected from the group consisting of CJlyF, (where x 
is an integer greater than zero and y+z = 2x+l> and 
aryls), CF=CF a , CN, COOH and COjR 1 (where R 1 is 
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selected from the group consisting of 

perf luoroalkyls , aryls, and NR 2 R J where R 2 and R 3 are 
selected from the group consisting of hydrogen, 
alkyls and aryls) . 

6. The composite membrane of claim 1 wherein 
said polymeric composition further comprises 
styrene monomeric units. 

7. The composite membrane of claim 1 wherein 
said polymeric composition further comprises 
substituted styrene monomeric units. 

8. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising substituted a, S, fi-trif luorostyrene 
monomeric units. 

9. The composite membrane of claim 8 wherein 
said polymeric composition comprises: 




where m is an integer greater than zero. 



10. The composite membrane of claim 9 wherein 
said polymeric composition comprises: 
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^-f ^--F (" CF 2 -CF H f. CF 2 -CF 







where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater than 
zero; A w A, and A 3 are selected from the group 
consisting of hydrogen, halogens, C^F, (where x is 
an integer greater than zero and y+z = 2x+l) , 
CF=CF a , CN, N0 2 and OH, O-R (where R is selected 
from the group consisting of alkyls and 
perf luoroalkyls and aryls) . 

11. The composite membrane of claim 10 
wherein the group from which A lf A, and A, are 
selected further consists of S0 3 H, PO a H a , P0 3 H a , 
CH a PO a H a . COOH, OSO,H, OPO a H a , OP 0j H a , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) ,and CH a NR 3 - (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one of A,. 
A a and A 3 is selected from the group consisting of 
S0 3 H, PO a R a , P0 3 H a , CH a P0 3 H a , COOH, OS0 3 H, OPO a H a , 
OPO,H a , NR 3 * (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH,NR 3 * (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls). 

12 . The composite membrane of claim 8 wherein 
said polymeric composition comprises: 
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where at least one of n, p and q is an integer 
5 greater than zero; A x , A 3 and A, are selected from 

the group consisting of CF=CF 2 , CN, N0 2 and OH, O-R 
(where R is selected from the group consisting of 
C^HyFj (where x is an integer greater than three and 
y+z = 2x+l) , and aryls) . 

13 . The composite membrane of claim 8 wherein 
said polymeric composition comprises: 




where m is an integer greater than zero. 

14. The composite membrane of claim 8 wherein 
said polymeric composition comprises: 




where m is an integer greater than zero; X is 
5 selected from the group consisting of P0 2 H 2 , P0 3 H 2 , 

CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , OPO,H 2 , OArS0 3 H where Ar 
is an aryl, NR 3 * (where R is selected from the group 
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consisting of alkyls, perf luoroalkyls and aryls) 
and CH 2 NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) . 

15. The composite membrane of claim 8 wherein 
said polymeric composition comprises: 




where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater than 
zero; X is selected from the group consisting of 
SOjH, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OPO a H 2 , 
OP0 3 H 2 , OArSOjH where Ar is an aryl, NR/ (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls); A l# A 2 and A 3 are 
selected from the group consisting of halogens, 
C 1 fi y F z (where x is an integer greater than zero and 
y+z « 2x+l) , CF=CF 2 , CN, N0 2 and OH, 0-R (where R is 
selected from the group consisting of alkyls and 
perf luoroalkyls and aryls) . 

16. The composite membrane of claim 15 
wherein the group from which A 1# A 2 and A 3 are 
selected further consists of hydrogen. 

17 . The composite membrane of claim 15 
wherein the group from which A 1# A 2 and A 3 are 
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selected further consists of S0 3 H, P0 2 H 2 , P0 3 H 2 , 
CH 2 P0 3 H 2 , COOH, OS0 3 H, 0P0 2 H 2 , OPO,H 2 , NR, # (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls), and at least one of Aj , 
A 2 and A 3 is selected from the group consisting of 
SO,H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , 
0P0 3 H 2 , NR/ (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
and CH 2 NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) . 

18 . The composite membrane of claim 8 wherein 
said polymeric composition comprises: 




D 



where m is an integer greater than zero; B and D 
are selected from the group consisting of hydrogen, 
S0 2 F, S0 3 H, P0 2 H 2 , P0 3 H 2 , CH 2 PO,H 2 , COOH, OS0 3 H, OP0 2 H 2 , 
OP0 2 H 2 , NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
and CH 2 NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) . 

19. The composite membrane of claim 8 wherein 
said polymeric composition comprises: 
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D 



where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater thafn 
zero; B and D are selected from the group 
consisting of hydrogen, S0 2 F , S0 3 H, P0 2 H 2 , P0 3 H a , 
CH 2 P0 3 H 2 , COOH, OSO3H, 0P0 2 H a , 0P0 3 H a , NR/ (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR/ (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls); A w A 2 and A 3 are 
selected from the group consisting of hydrogen, 
S0 2 F, halogens, C 1 fi y F z (where x is an integer greater 
than zero and y+z = 2x+l) , CF«CF 2 , CN, NO a and OH, 
O-R (where R is selected from the group consisting 
of alkyls and perf luoroalkyls and aryls) . 

20. The composite membrane of claim 19 
wherein the group from which A 1# A 2 and A 3 are 
selected further consists of SO,H, P0 2 H 2/ P0 3 H 2 , 
CH a P0 3 H 2 , COOH, OSO3H, OP0 2 H 2 , OP0 3 H 2 , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls), and at least one of A x , 
As and A 3 is selected from the group consisting of 
S0 3 H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , 
OP0 3 H 2 , NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
and CH 2 NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) . 
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21. The composite membrane of claim 8 wherein 
said polymeric composition further comprises 
ethylene monomeric units. 

22. The composite membrane of claim 8 wherein 
said polymeric composition further comprises 
partially fluorinated ethylene monomeric units. 

23 . The composite membrane of claim 8 wherein 
said polymeric composition further comprises 
tetraf luoroethylene monomeric units . 

24. The composite membrane of claim 8 wherein 
said polymeric composition further comprises: 

(- CF 2 — CF -) 

I m 
Y 



where m is an integer greater than zero; Y is 
5 selected from the group consisting of chlorine, 

bromine, iodine, C x HyF z {where x is an integer 
greater than zero and y+z = 2x+l) , O-R (where R is 
selected from the group consisting of C x HyF x (where x 
is an integer greater than zero and y+z «= 2x+l) and 
10 aryls) , CF«CF 2 , CN, COOH and CO a R l (where R A is 

selected from the group consisting of alkyls, 
perf luoroalkyls, aryls, and NR 2 R 3 where R 2 and R 1 are 
selected from the group consisting of hydrogen, 
alkyls and aryls) . 

25. The composite membrane of claim 8 wherein 
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said polymeric composition further comprises 
styrene monomeric units . 

26. The composite membrane of claim 8 wherein 
said polymeric composition further comprises 
substituted styrene monomeric units. 

27. The composite membrane of claims 1-26 
wherein said porous substrate comprises a 
polyolef in. 

28. The composite membrane of claim 27 
wherein ^said polyolefin is selected from the group 
consisting of polyethylene and polypropylene. 

29. The composite membrane of claims 1-26 
wherein said porous substrate comprises 
polytetraf luoroethylene . 

30. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising: 




where m and n are integers greater than zero and A 1 
is selected from the group consisting of fluorine, 
CF 3 and para-phenoxy . 
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31. The composite membrane of claim 30 
wherein che group from which A t is selected further 
consists of hydrogen. 

32. The composite membrane of claim 31 
wherein said porous substrate comprises 
polytetraf luoroethylene . 

33 . A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising: 




where m, n, and p are integers greater than zero 
and A x and A 2 are selected from the group consisting 
of hydrogen, fluorine, CF 3 , and para-phenoxy . 

34. The composite membrane of claim 33 wherein 
said porous substrate comprises 

polytetraf luoroethylene . 

35, A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising : 
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where m and n are integers greater than zero and X 
is selected from the group consisting of para-S0 2 F, 
meta-SOjH and para-S0 3 H. 

36. The composite membrane of claim 35 wherein 
said porous substrate comprises 

polytetraf luoroethylene . 

37. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising : 




where m and q are integers greater than zero, n and 
p are zero or an integer greater than zero; X is 
selected from the group consisting of para-S0 2 F, 
meta-SOjH and para-S0 3 H; and A, and A a are selected 
from the group consisting of hydrogen, fluorine, 
CF 3/ and para-phenoxy . 

38. The composite membrane of claim 37 wherein 
said porous substrate comprises 
polytetraf luoroethylene . 



39. The composite membrane of claim 37 
wherein n is an integer greater than zero. 
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40. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
comprising : 



CP cf -H- f CF 2 -CF -» 

i m i 



4- CF 2 - 






<- CF 2 -CHr^ 



5 where m and q are integers greater than zero, n and 

p are zero or an integer greater than zero; X is 
selected from the group consisting of para-S0 2 F, 
meta-S0 3 H and para-S0 3 H; and A L and A 2 are selected 
from the group consisting of hydrogen, fluorine, 
10 CF 3 , and para-phenoxy . 

41. The composite membrane of claim 40 wherein 
said porous substrate comprises 

polytetraf luoroethylene . 

42. The composite membrane of claim 40 
wherein n is an integer greater than zero. 

43. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of oc , &, S- trif luorostyrene 
monomer ic units. 



44. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of a, S, S- trif luorostyrene 
and ethylene monomeric units. 
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45. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of a, &, fi- trif luorostyrene 
and partially fluorinated ethylene monomeric units 

46. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of ot, Z, IS- trif luorostyrene 
and tetraf luoroethylene monomeric units, 

47. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of or, G, £- trif luorostyrene 
monome r i c uni t s and : 



f CF 2 —CF 



I m 

Y- 



where m is an integer greater than zero; Y is 
selected from the group consisting of chlorine, 
bromine, iodine, C^F, (where x is an integer 
greater than zero and y+z = 2x+l) , 0-R (where R is 
10 selected from the group consisting of C x HyF x (where x 
is an integer greater than zero and y+z = 2x+l) and 
aryls), CF=CF 2 , CN, COOH and C0 3 R x (where R 1 is 
selected from the group consisting of 
perf luoroalkyls, aryls, and NR a R J where R 2 and R 3 are 
selected from the group consisting of hydrogen, 
alkyls and aryls) . 



A composite membrane comprising a porous 
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substrate impregnated with a polymeric composition 
consisting essentially of a, &, trif luorostyrene 
and styrene monomeric units. 

49. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of a, fi, S-trif luorostyrene 
and substituted styrene monomeric units. 

50. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted c*,S,£- 

trif luorostyrene monomeric units. 

51. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




5 where m is an integer greater than zero, and at 

least one of n, p and q is an integer greater than 
zero; A w A^ and A 3 are selected from the group 
consisting of hydrogen, halogens, C x O y F z (where x is 
an integer greater than zero and y+z = 2x+l), 
10 CF=CF 2 , CN, N0 2 and OH, O-R (where R is selected 
from the group consisting of alkyls and 
perf luoroalkyls and aryls) . 

52. The composite membrane of claim 51 
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10 



wherein the group from which A t , A 2 and A, are 
selected further consists of so 3 H, P0 2 H a , PO,H 2 , 
CH 2 PO,H 2 , CO0H, OSO,H, OP0 2 H 2 , OPO,H 2 , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one'of A,, 
A 2 and A, is selected from the group consisting of'' 
S0 3 H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, 0S0 3 H, OP0 2 H 2 , 
OPO,H 27 NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH 2 NRj* (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) . 

5 3 . The composite membrane of claim 50 
wherein said polymeric composition consists 
essentially of: 




where at least one of n, p and q is an integer 
greater than zero; A,, A 3 and A, are selected from 
the group consisting of CF-CF,, CN, NO, and OH, 0-R 
(where R is selected from the group consisting of 
C^HyF, (where x is an integer greater than three and 
y+z - 2x+l), and aryls). 



54. The composite membrane of claim 50 
wherein said polymeric composition consists 
essentially of: 
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CF 2 -CF^ 




m 



5 where m is an integer greater than zero; X is 

selected from the group consisting of P0 2 H 2 , P0 3 H 2 , 
CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , OP0 3 H 2 , OArS0 3 H where Ar 
is an aryl, NR/ (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
10 and CH 2 NR 3 * (where R is selected from the group 

consisting of alkyls, perf luoroalkyls and aryls). 

55. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




f CF 2 - 




where m is an integer greater than zero, and at 
least one of n, p and q is an integer greater than 
zero; X is selected from the group consisting of 
SO,H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2/ COOH, 0S0 3 H, OPO a H 2 , 

OP0 3 H 2 , OArSOjH where Ar is an aryl, NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls); A x , A 2 and A 3 are 
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15 



LO 



selected from the group consisting of halogens, 
C,H y F 5 (where x is an integer greater than zero and 
y+z = 2x+l). CF=CF 2 , CN, N0 2 and OH, O-R (where R is 
selected from the group consisting of alkyls and 
perf luoroalkyls and aryls) . 

56. The composite membrane of claim 55 
wherein the group from which A t , A 2 and A, are 
selected further consists of hydrogen. 

57. The composite membrane of claim 55 
wherein the group from which A,, A 2 and A, are 
selected further consists of SO,H, P0 2 H 2 , POjH 
CH 2 PO,H 2 , COOH, OSO,H, OP0 2 H 2 , OPO,H 2 , NR 3 * (where R is 
selected from the group consisting of alkyls, 

perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls), and at least one of A», 
A 2 and A 3 is selected from the group consisting of 
SOjH, P0 2 H 2 , P0 2 H 3 , CH 2 P0 2 H 2 , COOH, OSO s H, OPO,H a , 
OPO,H 2/ NR 3 * (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
and CH 2 NR,* (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) . 

58. The composite membrane of claim 50 
wherein said polymeric composition consists 
essentially of: 
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5 where m is an integer greater than zero; B and D 

are selected from the group consisting of hydrogen, 
SOjF, SO,H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , 
OP0 3 H 2 , NR/ (where R is selected from the group 
consisting of alkyls, perf luoroalkyls and aryls) 
10 and CH 2 NR,* (where R is selected from the group 

consisting of alkyls, perf luoroalkyls and aryls). 

59. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 

Q 6' 

A 2 A 3 



where m is an integer greater than zero and at 
least one of n, p and q is an integer greater than 
zero; B and D are selected from the group 
consisting of hydrogen, S0 2 F , S0 3 H, P0 2 H 2 , PO,H 2 , 
CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , OP0 3 H 2 , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perf luoroalkyls and aryls); A x , A 2 and A 3 are 
selected from the group consisting of hydrogen, 
S0 2 F, halogens, C x HyF x (where x is an integer greater 
than zero and y+z « 2x+l) , CF=CF 2 , CN, N0 2 and OH, 
O-R (where R is selected from the group consisting 
of alkyls and perf luoroalkyls and aryls) . 




10 



IS 
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60. The composite membrane of claim 59 
wherein the group from which A t , A a and A, are 
selected further consists of SO,H, PO a H a , PO,H a , 
CH a PO,H a , COOH, OS0 3 H, OPO a H a , OP0 3 H a , NR 3 * (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) and CH a NRj* ( where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls), and at least one of A l( 
A a and A 3 is selected from the group consisting of' 
S0 3 H, PO a H a , PO a H a , CH a PO,H a , COOH, OS0 3 H, OPO a H a , 
OPO,H a , NR 3 * (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) 
and CH a NR 3 * (where R is selected from the group 
consisting of alkyls, perfluoroalkyls and aryls) . 

61. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted a,&,&- 
trifluorostyrene monomeric .units and ethylene 
monomeric units. 

62 . A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted a,&,&- 

trif luorostyrene monomeric units and partially 
f luorinated ethylene monomeric units . 

63. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted a,S,S- 

trif luorostyrene monomeric units and 
tetraf luoroethylene monomeric units. 



64 . A composite membrane comprising a porous 
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substrate impregnated with a polymeric composition 
consisting essentially of substituted a,£,S- 
t rif luorostyrene monomeric units and: 



■f CF 2 — GF 



I m 

Y 



where m is an integer greater than zero; Y is 
selected from the group consisting of chlorine, 
bromine, iodine, CJi y F z (where x is an integer 
greater than zero and y+z = 2x+l) , O-R (where R is 

10 selected from the group consisting of C x HyF 2 (where x 

is an integer greater than zero and y+z = 2x+l) and 
aryls), CF=CF 2 , CN, COOH and CC^R 1 (where R 1 is 
selected from the group consisting of alkyls, 
perf luoroalkyls, aryls, and NR 2 R 3 where R 2 and R 3 are 

15 selected from the group consisting of hydrogen, 

alkyls and aryls) . 

65. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted a,£,JB- 
trif luorostyrene monomeric units and styrene 
5 monomeric units. 

66- A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of substituted cr,S,S- 
trif luorostyrene monomeric units and substituted 
5 styrene monomeric units . 
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67. The composite membrane of claims 43-66 
wherein said porous substrate consists essentially 
of a polyolefin. 

68. The composite membrane of claim 67 
wherein said polyolefin is selected from the group 
consisting of polyethylene and polypropylene. 

69. The composite membrane of claims 43-66 
wherein said porous substrate consists essentially 
of polytetrafluoroethylene. 

70. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




where m and n are integers greater than zero and A, 
is selected from the group consisting of fluorine, 
CF 3 and para-phenoxy . 

71. The composite membrane of claim 70 
wherein the group from which A, is selected further 
consists of hydrogen. 

72. The composite membrane of claim 71 
wherein said porous substrate consists essentially 
of polytetrafluoroethylene. 



WO 97/25369 



PCT/CA97/00003 



- 53 - 

73 . A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




5 where m, n, and p are integers greater than zero 

and K x and A 2 are selected from the group consisting 
of hydrogen, fluorine, CF 3 , and para-phenoxy . 

74. The composite membrane of claim 73 wherein 
said porous substrate consisting essentially of 

10 polytetraf luoroethylene . 

75. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




5 where m and n are integers greater than zero and X 

is selected from the group consisting of para-S0 2 F, 
meta-SOjH and para-SO a H. 



76. The composite membrane of claim 75 
wherein said porous substrate consists essentially 



WO 97/25369 PCT/CA97/00003 



- 54 - 

of polytetraf luoroethylene . 

77. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 




<- CF 2 -CF f. CF 2 -CF -H f. CF 2 -~CF H 





where m and q are integers greater than zero, n and 
p are zero or an integer greater than zero; X is 
selected from the group consisting of para-S0 2 F, 
meta-S0 3 H and para-S0 3 H; and A, and A, are selected 
from the group consisting of hydrogen, fluorine, 
CF 3/ and para-phenoxy . 

78. The composite membrane of claim 77 
wherein said porous substrate consists essentially 
of polytetraf luoroethylene. 

79. The composite membrane of claim 77 
wherein n is an integer greater than zero. 

80. A composite membrane comprising a porous 
substrate impregnated with a polymeric composition 
consisting essentially of: 
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5 where m and q are integers greater than zero, n and 

p are zero or an integer greater than zero; X is 
selected from the group consisting of para-S0 2 F, 
meta-SOjH and para-SO a H; and A x and A 2 are selected 
from the group consisting of hydrogen, fluorine, 
10 CFj, and para-phenoxy . 

81. The composite membrane of claim 80 wherein 
said porous substrate consists essentially of 
polytetraf luoroethylene . 

82. The composite membrane of claim 80 where 
n is an integer greater than zero. 
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AMENDED CLAIMS 
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original claims 1-82 replaced by new claims 1-20 (5 pages)] 

1. A composite membrane comprising- a porous 
sheet material impregnated with a polymer 
consisting predominantly of fragments of formula 

(I): 



5 




wherein m, n, p, q, r, and s are zero or an 
integer greater than zero, and at least one of m, 
n, p and g is an integer greater than zero; 

X is selected from the group consisting of 

10 S0 2 F, S0 3 H, P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, 

OP0 2 H 2# OP0 3 H 2 , OArS0 3 H where Ar is an aryl, NR 3 * 
(where R is selected from the group consisting of 
alkyls, perf luoroalkyls and aryls) and CH 2 NR 3 * 
(where R is selected from the group consisting of 

15 alkyls, perf luoroalkyls and aryls); 

A 1 and A 2 are selected from the group 
consisting of halogens, C x H y F x (where x is an 
integer greater than zero and y+z = 2x+l) , CF=CF 2 , 
CN, N0 2 and OH, O-R (where R is selected from the 

20 group consisting of alkyls and perf luoroalkyls and 
aryls) , and when m is an integer greater than 
zero, the group from which A 2 and A 2 are selected 
further consists of S0 2 F, S0 3 H, P0 2 H 2 , P0 3 H 2 , 
CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , OP0 3 H 2 , OArS0 3 H where 

25 Ar is an aryl, NR 3 * (where R is selected from the 
group consisting of alkyls, perf luoroalkyls and 
aryls) and CH 2 NR 3 * (where R is selected from the 
group consisting of alkyls, perf luoroalkyls and 
aryls) ; 

30 Z is selected from the group consisting of 

hydrogen, fluorine, C 1 fi Y F m (where x is an integer 
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greater than zero and y+z = 2x+l) , S0 2 F, S0 3 H, 
P0 2 H 2 , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OP0 2 H 2 , OP0 3 H 2/ 
OArS0 3 H where Ar is an aryl, NR 3 4 (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) ; and 

E is selected from the group consisting of 
CH 2 -CH 2 , CH 2 -CHF, CFH-CFH, CF 2 -CH 2 , CF 2 -CHF, CF 2 -CF 2 



10 



2. The composite membrane of claim 1 
wherein p is an integer greater than 



3. The composite membrane of claim 1 
wherein m is an integer greater than zero. 



4. The composite membrane of claim 3 

of n, p and q is an integer 



15 wherein at least 



20 



5 m The composite membrane of claim 3 
wherein at least one of p and q is an integer 
greater than zero • 

6. The composite membrane of claim 3 
wherein X is S0 2 F» 



7 . The composite membrane 
at least one of n, p 



of claim 6 

q is an integer 



greater than zero 



25 8- The 

wherein n and p 
and A x is selected 
fluorine, CF 3 and 



ite membrane of claim 6 
integers greater than zero, 
from the group consisting of 
para-phenoxy . 
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9. The composite 
wherein X is S0 3 H and n is 
zero. 



of claim 3 
integer greater than 



10. The composite membrane of claim 9 
wherein at least one of p and g is an integer 
greater than zero. 



11. The composite 
p is an 
is selected from the group 
10 CF 3 and para-phenoxy. 



of claim 10 
than zero, and A x 
consisting of fluorine, 



12 . The composite membrane of claim 3 
wherein p is an integer greater than zero, and A x 
is selected from the group consisting of SO a F, 
S0 3 H, P0 2 H a , P0 3 H 2 , CH 2 P0 3 H 2 , COOH, OS0 3 H, OPO a H 2 , 
15 OP0 3 H 2 , 0ArS0 3 H where Ar is an aryl, NR 3 * (where R 
is selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) and CH 2 NR 3 * (where R is 
selected from the group consisting of alkyls, 



13. The composite membrane of claim 1 

porous sheet material is a polymeric 



14. The composite membrane of claim 13 
wherein said porous polymeric sheet material 
comprises polytetraf luorethylene . 

15. The composite membrane of claim 13 
wherein said porous polymeric sheet material 
comprises a polyolefin. 

16. The composite membrane of claim 13 
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wherein said porous polymeric sheet material 
comprises a partially fluorinated polyolefin. 

17. The composite membrane of claim 13 
wherein said porous polymeric sheet material 
comprises a polymer selected from the group 
consisting of polyethylene, polypropylene, 
polyvinylidene fluoride, poly (ethylene-co- 
tetrafluoroethylene) and poly (tetraf luoroethylene- 
co-hexaf luoropropylene) . 

18. The composite membrane as in any of 
claims 1-14, wherein said porous sheet material is 
expanded poly tetraf luoroethylene film. 

19. The composite membrane as in any of 
claims 1-17 wherein said composite membrane is 



20. A composi 
sheet material impregnated with a polymer 

essentially of fragments of formula 



(I) : 



6 6 6 6, Q 



wherein m, n, p, q# * * 
integer greater than zero, and at least one of m, 
n, p and q is an integer greater than zero; 

X is selected from the group consisting of 
SO a F, SO s H, PO a H a , PO,^, CH 2 P0 s H„ COOH, OSO,H, 
OPO,H a , OPO s H a , OArS0 s H where Ar is an aryl, NR 3 * 
(where R is selected from the group consisting of 
alkyls, perfluoroalkyls and aryls) and CHjNR,* 
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(where R is selected from the group consisting of 
alkyls, perf luoroalJcyls and aryls) ; 

A x and A, are selected from the group 
consisting of halogens, C^F, (where x is an 
integer greater than zero and y+z = 2x+l) , CF«CF 2 , 
CN, N0 2 and OH, O-R (where R is selected from the' 
group consisting of alkyls and perf luoroalkyls and 
aryls) , and when m is an integer greater than 
zero, the group from which A 2 and A 2 are selected 
further consists of S0 2 F, SO,H, P0 2 H 2 , POjH,, 
CH 2 P0 3 H 2 , COOH, OSO3H, OPO a H 2 , OP0 3 H 2 , OArS0 3 H where 
Ar is an aryl, NR 3 * (where R is selected from the 
group consisting of alkyls, perf luoroalkyls and 
aryls) and CH 2 NR 3 * (where R is selected from the 
group consisting of alkyls, perf luoroalkyls and 
aryls) ; 

Z is selected from the group consisting of 
hydrogen, fluorine, C^F, (where x is an integer 
greater than zero and y+z » 2x+l) , SO a F, SO,H, 
P0 2 H 2 , PO,H 2/ CH 2 P0 3 H 2 , COOH, 0S0 3 H, OP0 2 H 2 , OP0 3 H 2 , 
OArS0 3 H where Ar is an aryl, NR 3 * (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) and CH 2 NR/ (where R is 
selected from the group consisting of alkyls, 
perfluoroalkyls and aryls) ; and 

E is selected from the group consisting of 

-CH,, CH 2 -CHF, CFH-CFH, CF 2 -CH 2 , CF 2 -CHF, CF 2 -CF 2 . 
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STATEMENT UNDER ARTICLE 19 



The number of claims in the present application 
been reduced from 82 to 20, and the number of independent 
claims has been reduced from 29 to only two. New claim 1 is a 
broad generic claim which recites in one claim the limitations 
of former independent claims. All of the other pending claims 
depend from new claim 1, with the exception of new claim 20. 
New claim 20 is identical to new claim 1, but employs 
"consisting essentially of" instead of "comprising" 



New claims 1-20 are supported in the specification 
at page 5, line 23 - page 19, line 9 (Summary Of The 
Invention) . Specif ically, embodiments of formula (I) wherein 
one or more of m, n, p and q are an integer greater than zero 
are disclosed in the specification at page 5, line 23 - page 
6, line 6, page 8, line 1 - page 11 line 29, and page 15, line 

20 - page 17, line 20. Copolymers of of,£,£-trif luorostyrene 
and/or substituted a, S, S-trif luorostyrene incorporating 
fragments denoted by "E" (that is, embodiments of formula (I) 
wherein r is also an integer greater than zero) , are disclosed 
in the specification at page 6, lines 3-27 and page 13, line 

21 - page 14, line 6. Copolymers of a, £, S-trif luorostyrene 
and/or substituted a, £,£-trif luorostyrene incorporating 
styrene-based fragments (that is, embodiments of formula (I) 
wherein s is also an integer greater than zero) , are disclosed 
in the specification at page 7, lines 13-3 0 and page 14, 
24 - page 15, line 9. 



